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Nest count surveys provide an important means for tracking trends in marine turtle populations. In 2015 the IUCN Red List global status review changed the loggerhead turtle (Caretta caretta) from Endangered to Vulnerable status, and, with a revised regional management unit (RMU) assessment system in place, concluded that the Northwest Indian Ocean loggerhead turtle RMU was Critically Endangered (CR). We analyzed annual time series nest count survey data between 1978 and 2016 to evaluate population trend and characterize the existing spatial and temporal attributes of a globally significant rookery on Masirah Island, Oman. A two-point trend assessment using a subset of historical data (1985–1996) combined with recent data (2008–2016) on a representative, 9-km section of index beaches revealed a change from 584 tracks–1 km–1 season–1 (SD = 109.5) to 122.43 tracks–1 km–1 season–1 (SD = 37.3), representing a statistically significant 79% decline. Comparative data were tested for spatial and temporal conformity, and the influence of other parameters on the trend result were considered, such as nesting success ratios and spatial shifts in density. Our analyses confirm that the decline occurred within a single loggerhead generation. Mean multiyear nest counts from recent surveys provides an estimate of 55,202 nests year–1 (SD = 16,814, CI 0.95 53,326–57,078) across 83 km of nesting beach. Considering recent clutch frequency estimates the mean number of nesting loggerheads per year is estimated between 10,223 (CI 0.95 9875–10,570) and 11,500 (CI 0.95 11,109–11,891). The Northwest Indian Ocean RMU is thought to represent 35% of the global nesting population. Recognizing a pressing need to address the decline in this population we identify potential threats on nesting beaches and at sea which point toward priority actions for conservation of this CR RMU.

Keywords: Caretta caretta, nest count, population trend, threats, conservation management, Northwest Indian Ocean Regional Management Unit


INTRODUCTION

Animals with long generation times pose a challenge for population trend assessments. Loggerhead sea turtles (Caretta caretta) are in this challenging group, with an estimated generation time (maturation age plus half of reproductive lifespan; Pianka, 1974) of approximately 47 years (National Marine Fisheries Service [NMFS] and US Fish and Wildlife Service [USFWS], 2008). For long-lived animals such as loggerheads, abundance data limited to short time spans is likely to capture fluctuations that do not represent overall population trends (Barker and Sauer, 1992; Thomas, 1996; Holmes and Fagan, 2002; Freckleton et al., 2006). Short time series sea turtle nest-count data are especially unrepresentative. Although annual nest counts remain the most helpful index of adult female sea turtle abundance due to inaccessibility of other life stages, these counts are influenced by short-term environmental factors other than female abundance (Richards et al., 2011). Because of this annual sampling error in the total female population, sea turtle population assessments strive to represent time series approaching a generation or more (Snover and Heppell, 2009).

Nesting beaches serve as a valuable focus for sea turtle population assessments largely because of the ease with which nests (egg clutches) can be counted and evaluated, compared to the difficulty of counting turtles at sea. Females emerge on sandy beaches leaving conspicuous tracks in the sand and may deposit several clutches of eggs within a nesting season. Nests produced (and counted) in a season are therefore a function of the number of annual nesting females and their clutch frequency (clutches per season), and multi-season counts are a function of total nesting females, clutch frequency, and re-migration intervals (period between successive breeding migrations) (Schroeder et al., 2003). Although the estimated population abundance pertains only to a single life stage (adult females), this life stage is critical for demographic assessment. However, because of the protracted age to maturity of 36.2 ± SD 7.71 year (95% CI 28.2 to 44.3 year) (based on studies in the Southwest Indian Ocean Regional Management Unit, Tucek et al., 2014), assessments of adult females can be slow to reveal meaningful population changes involving earlier life stages. These assessments have important conservation implications, leading to an evaluation of threats in declining populations (e.g., Witherington et al., 2009; Tapilatu et al., 2013) or of good management practices in increasing sea turtle populations (e.g., Boulon et al., 1996), as well as the role of biological and environmental parameters impacting population recovery and trends (e.g., Wallace et al., 2006).

In the most recent IUCN Red List global status review, loggerhead sea turtles, were designated as Vulnerable (Casale and Tucker, 2017), with an increasing trend in the majority of subpopulations and an unknown trend for a few. Global loggerhead populations are represented by 10 biologically defined regional management units (RMUs) (Wallace et al., 2010a). Only two RMUs include sites of high loggerhead nesting (>20,000 nests per year). These are the Northwest Atlantic RMU (principally Florida, United States) and the Northwest Indian Ocean RMU. The Northwest Indian Ocean RMU (NWIO RMU) of which Masirah Island is thought to represent over 90% of the population, was designated as Critically Endangered, based on evidence that the subpopulation has been subjected to a depletion of >80% relative to population size within three generations (Casale and Tucker, 2017). Other loggerhead turtle RMU’s of interest in the Indian Ocean are located in the south west and the south east, both of which are listed as near threatened and are estimated to account for 2.3 and 1.5% of the global stock based on nesting abundance respectively (Nel and Casale, 2015; Casale and Tucker, 2017). The range of animals from the Northwest Indian Ocean (NWIO) RMU are understood to overlap with those of the Southeast Indian Ocean RMU (Dalleau et al., 2014), however genetic studies suggest there is no mixing (Shamblin et al., 2014; Dalleau et al., 2016). The population trend in this RMU is considered to be increasing. A putative RMU exists in the Northeast Indian Ocean and this is considered Critically Endangered based on annual nesting abundance (<25 nests year–1). Little is known about trends or its range apart from encounter data from the southern coast of Sri Lanka.

In the NWIO, surveys of loggerhead turtles nesting in the Sultanate of Oman were initiated in 1977 (Ross and Barwani, 1982). Ground-verified and aerial surveys of sea turtle emergences on beaches and track counts between 1977 and 1979 on Masirah (Ross, 1979) and on beaches along the rest of the Arabian Sea coastline between 1986 and 1991 (Salm, 1991) demonstrated that the island of Masirah had the vast majority (>90%) of loggerhead nesting in Oman (USFWS NOAA, 2011). Elsewhere in Oman, loggerhead nesting has been documented on at least 178 additional beaches, mostly on the Al Hallaniyat Islands (over 3000 nests year) and along the mainland Arabian Sea coast (approximately 2000 nests year–1) (Salm, 1991; Salm et al., 1993). In nearby Yemen, Pilcher and Saad (1999) reported annual nesting of between 50 and 100 loggerheads on Socotra Island. Moqbil (2007) reported loggerhead nesting at other sites in Yemen at the beaches of Sharma, Jethmoon, and Dhargham, with the highest nesting numbers at Dhargham, although no site-specific data are provided.

Surveys conducted between the late 1970s and early 1990s also identified significant numbers of green turtles (Chelonia mydas) and hawksbill turtles (Eretmochelys imbricata) nesting in Oman with an estimated 20,000 and 600 turtles nesting per year respectively (Ross, 1979; Salm, 1991). Ras al Hadd, approximately 200 km to the north of Masirah and Ras al Sharma in Yemen are thought to account for 90% the nesting activity in the North Indian Ocean green turtle RMU (Mancini et al., 2019). The RMU is currently listed under IUCN status assessments as Vulnerable although recent data for historical comparison is limited but indicative of decline in both these rookeries. In 1977 a smaller green turtle rookery was also documented from the central east to the southern coast of Masirah accounting for an estimated 150 nesting turtles per year. This rookery was described as overexploited due to harvesting of adult females (Ross, 1979; Ross and Barwani, 1982). Hawksbill and olive ridley (Lepidochelys olivacea) nesting is also documented from the south west and south east of the island with estimates of 240–275 (Ross and Barwani, 1982) and 150–250 nesting females (Rees and Baker, 2006), respectively. No regional status assessments have been undertaken for either of these species and caution should be exercised when comparing current and historic numbers as there was apparently no distinction made between species in the latter study (Rees and Baker, 2006). Spatial overlap of nesting by different species on Masirah is accompanied by a degree of temporal overlap with hawksbill and olive ridley turtles starting to nest in January/February, loggerhead turtles in late April, and green turtles in August (Ross and Barwani, 1982).

Population size estimates for loggerheads nesting on Masirah have been produced using two principal methods: (1) tagging (i.e., application of metal flipper tags for identification) and re-sighting of nesting females, corrected for detection probability and clutch frequency, and (2) track counts (i.e., turtle emergences on the nesting beach, Ross, 1997, 1987; Ross and Barwani, 1982). These studies made assumptions on clutch frequency, determination of successful nesting using imprints left in the sand by emerging turtles, and spatial and temporal expansion of estimates, resulting in an estimate that 20,000–40,000 females nested on the island annually between 1977 and 1986, based on an estimated clutch frequency of 4.0 nests–1 female–1 season–1. This magnitude of nesting indicated Masirah to be the largest loggerhead rookery in the world. In the years since this initial assessment, standardized track and nest counts, under the guidance of Oman’s Ministry of Environment and Climate Affairs (MECA), were further refined and standardized in 2008 with an international collaboration between MECA, Environment Society of Oman (ESO)/Five Oceans Environmental Services LLC (5OES), US Fish and Wildlife Service (FWS), Florida Fish and Wildlife Commission (FWC), and the Marine Research Institute (MRI).

Recent work using satellite telemetry to determine clutch frequency of Masirah loggerheads has generated a nesting frequency denominator that shows lower population estimates. Rees et al. (2010) deployed satellite tags after the beginning of the nesting season producing a revised clutch frequency estimate of 4.8 ± 1.2 (SD) nests per season (n = 8), and Tucker et al. (2018) estimated an overall mean clutch frequency from satellite tags deployed on additional tagging of early season nesters estimating 5.4 nests per female annually (SD = 0.87, range of 4–7 nests, n = 34). This latter estimate results in a −27% correction to previous population estimates. Metrics related to population estimates of this RMU hold important conservation management implications given that the sub-population is considered isolated based on the genetic studies conducted on nesting females of the Masirah rookery (Bowen et al., 1994; Shamblin et al., 2014). The goals of loggerhead turtle research efforts on Masirah Island have been to understand the long-term trends of nesting females and their broader spatial ecology as a starting point to identify the conservation requirements for this globally important population. Here we report on changes in annual nest counts over four decades, and further evaluate the contribution this data provides toward local and regional management requirements.



MATERIALS AND METHODS


Study Area and Field Methods 2008–2016

Masirah Island lies off the eastern coast of mainland Oman (19∼20°N, 58∼59°E), and is the country’s largest island, spanning 95 km north to south and 14 km east to west at its widest point. The island’s population is approximately 16,000 inhabitants (National Centre for Statistics and Information [NCSI], 2019) with the population center at the northern end, Ras Hilf, where a Royal Air Force of Oman air base is situated. During the loggerhead nesting season, from May through to September, the climate on Masirah is influenced by the southwest monsoon known locally as the “khareef.” Upwelling of seawater can cause sea surface temperatures to lower to 16–17°C (Wilson, 2000), differing from an annual mean of 25.8°C (Sarma et al., 2013). Mean monthly air temperatures during this period range between 26 and 30°C, with mean relative humidity of 69–79% and mean windspeeds ranging between 5.7 and 8.8 m s–1 (World Meteorological Organization [WMO], 2020).

The nesting beach monitoring program, as revised in 2008, was adapted from Florida, United States loggerhead nesting index beach surveys as described by Witherington et al. (2009). The monitoring methods were modified for representative sampling of the nesting season and a sampling method comparable to historical surveys, so that resulting data would be comparable for developing long-term nesting trends. Studies of loggerheads on Wassaw Island, Georgia, United States (within the Northwest Atlantic RMU) revealed that annual counts for nests and females not corrected for imperfect detection can result in the over-estimation of abundance trends (Pfaller et al., 2013). As such, for Masirah, attempts were made to isolate potential temporal and spatial biases on estimates through survey design and more detailed analysis. The survey design also accounted for the effort of field staff, transport options to and along beach areas, and the influence of the summer monsoon on survey events.

Continuity was maintained through annual field training at the start of each season, the presence of scientific supervisors to provide advice during the monitoring period and quality control checks on data at the end of the season. Temporal consistency of survey effort was determined by standard protocols that define a 20-week fixed monitoring season between 1st May and 17th September each year. Principle daily track count data were collected from “Index Beaches” running along a continuous 23 km stretch of the north and north east coast of the Island (Figure 1). The survey design introduced in 2008 extended the coverage along this part of the Island over the original 9 km beach section monitored during historical surveys, although maintained the original 1 km-long beach zones used for spatial consistency in tallying of track counts across the rookery. Zones Km 0 (K0) to Km 22 (K22) were surveyed on a daily basis whilst surveys of non-index beaches were conducted weekly or bi-monthly on the remaining 60 km of loggerhead nesting habitat between zones K23 and K83 along the east and south coasts of the Island (Figure 1).
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FIGURE 1. Loggerhead nesting beaches of Masirah Island represented by beach marker locations, situated approximately every kilometer along nesting habitat, (also known as “K” markers). Historical data collected between May and August was performed once per week between markers K5 and K13 (1977–1979), and up to five days per week (1985–1996). Daily counts were performed on K5–K8 (1977–1987). Recent surveys included daily surveys on index beaches between markers K0–K22 and up to once per week on non-index beaches between K23 and K83 (2008–2016). Location coordinates for nesting survey beach markers can be found in Supplementary Table S1.


All-Terrain Vehicles (ATVs) were used as the standard survey platform to enable consistent effort across large tracts of beach. As a general trend, during the nesting season, monsoon winds increase in strength from sunrise through to mid-afternoon, therefore surveys were mobilized prior to sunrise to minimize the influence of sand obscuring tracks left by nocturnal nesting turtles. Only tracks above the high-water mark were counted and all tracks were “marked” by the vehicle tire marks as a means of avoiding the recounting of tracks on successive days. All field staff were trained to determine whether an emergence resulted in a nest or was a non-nesting emergence by evaluating the imprints left in the sand by the turtles. Both morning track counts and night surveys were postponed in the event of windspeeds gusting above 40 km h–1.



Spatio-Temporal Variation in Nest Counts of Recent Data (2008–2016)

Daily nest counts for each kilometer of beach were pooled to provide for annual spatial analysis and seasonal temporal analysis of counts across years, whilst accounting for survey effort. Mean nesting densities (nests km–1 day–1) were calculated for index beaches (K0–K22), non-index beaches (K23–K83), and the entire rookery (K0–K83) by dividing the absolute counts for each kilometer by the survey effort (km–1 day–1). For analysis of daily seasonal trends of nesting densities on index beaches across all years, calendar dates were converted to ordinal dates.

The estimated number of nests per year (nests year–1) for the island was derived by separately calculating the mean number of nests per day for index and non-index beaches and multiplying this by the number of total days in the survey season (N = 140). The survey design dictated non-index beaches were monitored with less frequency (weekly or bi-weekly) and also accounted for a larger beach area. Therefore, confidence intervals and the dominance of non-index beaches have the potential to disproportionately skew estimates of more robust index beach season totals. Expected changes to effort on non-index beaches also have the potential to impact estimates based on effort ratio differences between beach areas. Additional bias generated by inconsistent monitoring throughout the seasons was addressed through preliminary screening of survey effort and resulted in the elimination of 2008 and 2009 non-index beach data. Our method recognizes that the purpose of the “all-island annual estimates” is to provide an indicative range of nest counts over the complete study period and identify shifts in nesting distribution. These results are not considered a robust approach for inter-annual trend analysis.



Trend Analysis of Historic and Recent Track Count Survey Data

Track counts from historical data were digitized from original field records collected by experienced personnel, as described by Ross and Barwani (1982). Between 1977 and 1996 counts of turtle emergences within predefined beach zones were made by following a simple track count technique that included tracks from both the successful and unsuccessful nesting emergences). For recent data (2008–2016) comparable total track counts were derived from the tallies of successful, unsuccessful, and undetermined nesting activities. All tracks were counted above the high-water line, however, spatial and temporal data resolutions differed in survey methods across years. To verify spatial overlap between location reference points used in different data series, the original historical map records from surveys were aligned with locations of recent beach count reference points from the 2008 to 2016 dataset as determined by GPS and satellite photo imagery (Google Earth Pro, 2016). Here we refer to historical beaches “3km Surf Beach” and “9km Beach” with the more recent reference system of K5–K8 and as K5–K13, respectively. These beaches coincide with recent surveys between K0 and K22 (Figure 1). Historical data collected between K5 and K13 were available in the form of weekly averages (based on daily track counts), with those averages assigned to the date at the beginning of each week. For inter-annual temporal alignment of data, ordinal dates were assigned to the historical datasets.

Throughout the historical data series, nesting beach surveys were completed between the beginning of May and the end of August in each year. The track count surveys between K5 and K13 were performed once per week between 1977 and 1979 and as often as 5 days per week between 1985 and 1996. Daily counts were achieved on 3 km of beach (K5–K8) between 1977 and 1987. To describe the trends, data were processed to provide a common metric of average track counts per day across K5–K13 beaches for a 120-day period starting at the beginning of May. For graphical presentation purposes, data collected between K5 and K8 from all surveys for all years, were plotted. Track counts conducted only between K5 and K8 between 1977 and 1987 were extrapolated out to cover 9 km of beach for graphical comparison only, and not included in statistical tests.

Data of the same temporal and spatial resolution were pooled into the data series to make cross comparisons of annual track count averages and compare percent change in counts between the periods for all datasets collected between K5 and K13, and separately between K5 and K8 for data belonging to survey periods between 1977–1986 and 2008–2016. Statistical testing of the hypothesis to determine strength of the decline and calculation of percentage differences from track counts between years was only performed on the data series with common time periods and extents of beach area surveyed. These were: (a) K5–K13 from 1985–1996 and 2008–2016 and (b) K5–K8 from 1977–1979 and 2008–2016. Welch’s t-test was selected based on the presence of unequal variance and sample size. For graphical presentation and comparison, the mean number of tracks per day for the 9 km of beach for each year was plotted by modifying the order of a polynomial regression curve until best fit was achieved. Although the trend was not considered to be linear, R-values were calculated to determine the strength of the relationship between the beginning and end points of the data.

Key concerns about potential inconsistencies in the datasets that may have resulted in false trend results and biases were also investigated. The assumption of a shift in the sampling effort between ordinal dates was evaluated by plotting ordinal dates of surveys for each year in the study (including historical data) and fitting a linear trend line and assigning an R-value. There was concern that there could be unknown natural or anthropogenic influences on the variation in the nesting trend caused by the number of nesting attempts that turtles would make to achieve successful nesting. This could only be tested in the recent data (2008–2016) which were fitted with a linear trend line allowing for generation of an R-value to determine the strength of the relationship.



RESULTS


Effort and Estimated Season Nesting Totals 2008–2016

An annual mean of 3117 km (SD = ±227) of ATV beach survey effort was achieved between 2008 and 2016 (Table 1 and Figure 2). Effort on non-index beaches in 2008 and 2009 remained below 350 km season–1 (equivalent to less than 6 days of survey) although this increased to above 1000 km in 2013, representing almost a third of the survey effort in that year. Overall, 72% of effort was applied to index beaches (SD = 10). Across the island, survey effort between 2008 and 2016 resulted in successful nest counts of between 33,536 in 2009 and 10,776 in 2015. Index beach nest counts ranged from 32,891 in 2008 to 8629 in 2016.


TABLE 1. Nest count summary statistics across all nest survey beaches derived from index and non-index beaches.
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FIGURE 2. Annual loggerhead nest counts and survey effort of index and non-index beaches on Masirah (2008–2016). Light gray bars represent total annual counts of nests on index beaches and dark gray total annual counts of nests on non-index beaches. Points associated with the continuous line represents the annual survey effort for all beaches, the short-dashed line represents survey effort associated with index beaches and the long dashed line the survey effort of non-index beaches (km days).


Corrected for effort, the mean nests kilometer–1 day–1 over a season for index beaches ranges from 11.54 (SD = ±6.02) in 2009 to 4.41 (SD = ±2.66) by 2016 (Table 2 and Figure 3). Due to the inconsistency of sampling across the season and low number of surveys, non-index beach estimates are excluded for 2008 and 2009. Between 2010 and 2016, the estimates range between 4.94 (SD = ±5.78) nests km–1 in 2009 and 1.55 (SD = ±2.04) nests km–1 in 2015.


TABLE 2. Nest count summary statistics reported separately for index and non-index beaches.
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FIGURE 3. Mean nesting density (nests km–1 day–1) for index beaches (K0–K22) gray filled circle, non-index beaches (K23–K83) white filled circle and combined for all island black filled circle.


Correction to produce totals for the 140-day season results in a maximum estimate of 35,546 nests for index beaches in 2009 and a minimum of 13,568 in 2016, with a mean of 26,765 (SD = 7853) across all study years (Figure 4). For non-index beaches, the calculations provide estimates of 41,056 and 13,026 (CI 95%) for the same years. Together, index and non-index beaches generate mean estimates ranging from 73,641 in 2013 (CI 95% SD = ±3144) to 27,726 in 2015 (CI 95% SD = ±507) (Table 1). In consideration of the reliability and consistency of data for identification of robust trend metrics, it is worth highlighting the percentage differences in standard deviations related to the mean of nest counts for index beaches in comparison to non-index beaches across all years; for index beaches the standard deviation is 54% of the mean nesting density of 8.69 nests day–1 km–1 (mean of SD within all years = 4.71), whereas for non-index beaches the standard deviation is 98% of the mean nesting density of 3.55 nests km–1 day–1 (mean of SD within all years = 3.48). The percent of undetermined nesting attempts in relation to the total track count accounts for measurement error related to nesting success interpretation and ranges between 3.9% (N = 1190) and 0.9 (N = 409) with an average across years of 2.5% (SD = 0.9) (Table 3).
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FIGURE 4. Estimated number of nests per year (nests year–1) for index beaches (K0–K22) as gray bars and non-index beaches (K23–K83) dark gray bars. Stacked results show total estimate for the rookery.



TABLE 3. Summary of nesting success surveys for K0–K22 for 2008–2016, including ratios of successful, unsuccessful, and undetermined nests in comparison to the track count total.
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Spatio-Temporal Variation in Nest Counts 2008–2016

Mean nesting densities across the surveyed rookery area for datasets from 2008–2016 range from 0.8 (SD = ±0.44) to over 19.3 (SD = ±9.48) nests km–1 during the survey season (Figure 5). The spatial distribution of nesting density is contiguous with the great majority of nesting occurring toward the north of the island, with 49% of index beaches showing a density of 8.69 nests km–1 season–1 over the entire study period (SD = ±2.55). Although densities are also relatively high between K23 and K25 and K73–K75 (with seasonal means above 8 nests km–1 day–1) overall the nesting densities along the non-index beaches remain below a mean of 4.74 (SD = ±1.46).
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FIGURE 5. Mean nest counts per kilometer (horizontal bar) and minimum and maximum annual means (vertical bar) for all survey beaches on Masirah (2008–2016).


Standard deviation of nesting density on index beaches across all years can be as much as 50% of the mean. However the nesting densities in each kilometer section, also referred to as longshore variation, remains proportionally consistent between years to the overall count for a given year. Figure 6 shows the longshore annual mean nesting density plots from index beaches that demonstrate this consistency across years. There are exceptions within this trend, including the density peak of K2 being much less pronounced in 2015 and 2016 surveys.
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FIGURE 6. Longshore distribution of annual mean nesting density of index beaches (K0–K22) for marked beach sections surveyed between 2008 and 2016.


The seasonal plot, with daily nesting densities between different years, aligned according to ordinal dates (Figure 7), shows that the nesting season begins just prior to the start of the survey, given the average index beach nesting density over the eight year study period of 3.8 (SD = ±2.67) on the survey start date of 1st May (ordinal date 122). A 6th order polynomial regression curve best fits the daily nesting density averaged from ordinal dates, and shows a trend of steadily increasing density toward day 163 with 18.3 nests km–1 (SD = ± 9.69) and, thereafter, a gradual decline to 0.27 nests km–1 (SD = ±0.14) by the end of the survey season (day 261 or 17th September). The scatterplot shows that the two maximum daily records for nesting density from index beaches in any year was 37.6 and 33.6 nests–1 km–1 (2008), although these could be interpreted as outliers given densities from all other years remain below 26.3 nests km–1.
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FIGURE 7. Mean daily nesting density (gray circle) and mean of nesting density of ordinal dates across all years (black circle) and sixth degree polynomial trend line (6th order) of mean daily nesting densities for index beaches on Masirah (2008–2016).




Long-Term Trend Analysis

A review of the relationship between the ratio of successful nests to total track counts between 2008 and 2016 (Figure 8) accounts for the influence of nesting success on the value of track counts as a reliable and consistent index for comparison between years, and its use in our long-term trend analysis (K5–K13). Between 2008 and 2016 there is a marginal decline in this ratio from 0.7 to 0.68 based on a straight line fit (R2 = 0.019, p = 4.2e-05). The mean across all years is calculated at 0.69 (SD = ± 0.04) with mean annual values ranging between 0.75 in 2011 (SD = ±0.07) and 0.62 in 2015 (SD = ±0.15) (Table 4).
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FIGURE 8. Ratio of mean daily nesting success of track count data for beaches included in the 9-km long-term trend analysis (K5–K13) for Masirah loggerheads (2008–2016).



TABLE 4. Summary of mean and standard deviation for the ratio of track counts to successful nesting for K5–K13 for 2008–2016.

[image: Table 4]Temporal consistency in sampling over all survey seasons is presented in Figure 9, where sampling days within each year have been converted to ordinal dates. Relatively consistent coverage within a 120-day season is evident for those years where surveys took place, as reflected by the near horizontal linear trend line (R2 = 0.0005). The mean ordinal date 181.29 (SD = ±8.04) sits very close to the mode of ordinal dates selected for this study (ordinal day 182). These results further validate our comparison for data collected with historical and recent methods. The least sampling effort is evident in 1977 (6 sampling days across the season) and the most biased year for sampling is 1996 where surveys end by day 178.
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FIGURE 9. Ordinal dates of surveys for each year included within the long-term track count trend assessment for Masirah loggerheads (1977–2016). Dashed line represents mean of ordinal date across all years.


The long-term trend (Figure 10) presents data selected for spatial alignment and temporal conformity between 1977 and 2016. The most robust and comparable dataset from this period is taken between beaches K5–K13 between 1985–1996 and 2008–2016. A two-point trend assessment showed mean nesting density declining from 584 tracks km–1 season–1 (SD = ±109.5) to 122.4 tracks km–1 season–1 (SD = ±37.3), representing a 79% decline (Table 5). The t-test result [two sample t(df) = 12, p = 3.92 × 10–8] confirms significance of the differences between the two datasets. Assuming a linear trend between median years, contributing to historical and recent datasets (1990 and 2012), this decline is estimated at 21 tracks km–1 season–1. This metric, estimating rate of change, could be used as an indicator in the future to assess efficacy of conservation actions.
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FIGURE 10. Long-term trend of mean track counts per day for a discrete 120 days season across 9-km of index beach on the northeast of Masirah Island intermittently from 1977 to 2017. Solid points are means from 5-day-per-week counts between K5 and K13. Open points are from weekly counts (Ross and Barwani, 1982) between K5 and K8 and extrapolated to the 9-km distance between K5 and K13. Gray points are weekly counts made between K5 and K13. The trend line is a sixth order polynomial regression.



TABLE 5. Results of comparisons made between historical and recent nest survey counts for percentage change and tests for significant difference (alpha = 0.05).

[image: Table 5]Further comparison of seasonal estimates, generated by data acquired from weekly track counts for K5–K13 between 1977–1986 (mean = 597.6, SD = ±225.71) and 2008–2016 (mean = 122.4, SD = ±37.3), present a similar decline estimate of 80% [two sample t(df) = 10, p = 7.59 × 10–5] (Table 5). Less robust mean estimates from K5 to K8 for the 1977–1979, extrapolated out to 9 km (mean = 433.375, SD = ±65.9), compared to recent data (mean = 122.43, SD = ±37.3), generates a decline of 72% [two sample t(df) = 2, p = 0.015]. Data isolated and compared between K5 and K8 beaches for years 1977–1979 (mean = 66.4, SD = ±25.08) and 2008–2016 (mean = 21.34, SD = ±5.17) represents a 68% decline [two sample t(df) = 10, p = 2.43 × 10–4]. Together, the best fit across the complete dataset (1977–2016) is a 6-order polynomial regression (R2 = 0.904).



DISCUSSION


Evidence of a Nesting Decline

Four comparisons of mean loggerhead nest counts at Masirah between early and late periods in the time series reveal significant declines of between 68 and 80% (Table 5). The steepest decline shown is a 79% decrease in the documented number of nests between the periods of 1985–1996 and 2008–2016; periods of only two decades.

Nest counts from 83 km of beach between 2008 and 2016 provide a mean multiyear estimate of 55,202 nests year–1 (SD = 16,814, CI 0.95 53,326–57,078) (Table 1). Clutch frequency estimates of 4.8 (N = 8, SD = 1.2) and 5.4 (N = 34, SD = 0.87) nests female–1 season–1 derived from satellite telemetry studies coincident with the period of this study (Rees et al., 2010; Tucker et al., 2018), provides us with an estimate of between 10,223 (CI 0.95 9875–10,570) and 11,500 (CI 0.95 11,109–11,891) nesting females year–1. This estimate varies substantially from the previous estimate of 20,000–40,000, which was derived from data between 1977 and 1986 (Ross, 1987, 1997), and assumed a clutch frequency of 4 nests female–1 season–1. Using the same dataset, but with the more recent clutch frequency estimate, this historical range would be approximately 14,815–33,333. It should be noted that the clutch frequency estimate from Rees et al. (2010) missed early season nesters, and the estimate from Tucker et al. (2018) was initiated at the beginning of the season. Such factors could positively or negatively bias the estimates and therefore caution should be specifically applied where population level inferences may be impacted by the small sample size (Tucker et al., 2018).

We present the most robust historical dataset available for loggerhead nesting on Masirah. The approach we use to assess annual trends is based on defendable assumptions about how the data represented annual nesting on the island. Our methods ensured that tracks were not double counted on subsequent days and that consistent methods were temporally and spatially comparable to historical surveys. Data from recent surveys demonstrate that measurement error related to scoring of successful nesting attempts remained consistently low across all years (Table 3). The track counts we used in the analysis were proportional to nest counts across multiple years (Figure 8). We also show that the nesting season sampled on Masirah captured the majority of the nesting season (Figure 7), with both historical and recent surveys generating datasets with balanced effort as determined by comparing ordinal dates in each year to the median ordinal value (Figure 9). Spatial longshore consistency is noted from comparative nesting density plots between years (Figure 6). Witherington et al. (2009) noted similar consistencies in spatial density patterns between seasons on Florida’s nesting beaches and concluded that because individual loggerheads are unlikely to nest in consecutive years (Schroeder et al., 2003), consistency of beach attributes likely shaped the distribution and “agreement” in beach selection between different cohorts. Flipper tagging studies at the north of Masirah detected a return of 3% of all tags deployed in 1977 from those encountered in 1978 (N = 1830) (Ross, 1979). This suggests that an annual remigration interval of 1 year for this population may be limited and that beach attributes on Masirah also drive the spatial pattern of nesting density.

Annual sea turtle nesting counts are influenced by the number of breeding females in the population and by their nesting frequency. Nesting frequency incorporates females’ remigration interval (years between breeding migrations) and clutch frequency (nests with clutches per breeding season). Although the relationship between these factors is complex (Richards et al., 2011), there is no evidence to suggest that changes in nesting frequency alone drive monotonic nesting trends spanning decades within a time series. The range of mean remigration intervals for loggerhead populations worldwide is 2–4 years (Murphy and Hopkins-Murphy, 1990; Miller, 1997; Miller et al., 2003; Hatase et al., 2004; Phillips et al., 2014), with individual turtles rarely having intervals as long as 7 years (Miller et al., 2003). Where decades-long time series in loggerhead remigration intervals (Phillips et al., 2014) or clutch frequency data (Hawkes et al., 2005) have been examined, no trends have been found. Thus, we propose that it is unlikely that the multi-decadal Masirah nesting decline has had significant long-term influence from changes in nesting frequency.

We conclude that the decline in annual loggerhead nesting effort measured on Masirah represents a similar magnitude change in the population of adult females. Similar steep declines in leatherback turtle nesting observed over long periods were attributed to mortality effects on population numbers (Spotila et al., 2000). We note that the ∼80% decline we report is rapid, in that it has occurred within the timeframe of a single loggerhead generation (National Marine Fisheries Service [NMFS] and US Fish and Wildlife Service [USFWS], 2008; Scott et al., 2012), and over the course of our study (1980s to the present). Between 2008 and 2016 the mean nesting density on K8–K22 was 6.54 nests–1 km–1 day–1 (SD = 2.96). Comparable data from the 2019 season reveals further decline to a density 1.85 nests–1 km–1 day–1 (SD = 0.82). We suggest the highest potential for adult loggerhead mortality occurs where hazards intersect with congregating females near breeding beaches. This mortality to adult females would result in the observed immediate effects on nesting numbers, although other significant mortality may also be occurring at other life stages across the population range that we are not yet aware of. It is of note that the population would be sensitive to mortality in this life stage because adult females have a much higher reproductive value than other life stages (eggs, hatchlings, juveniles) (Crouse et al., 1987).



Fisheries Threats

Global declines in sea turtle populations have generally been attributed to multiple factors such as mortality from bycatch in artisanal and commercial fisheries, exploitation of eggs and turtles, habitat destruction, as well as climate change (Jackson et al., 2001; Wallace et al., 2010b, 2011; Rhodin et al., 2015; Mazaris et al., 2017; Jensen et al., 2018). Bycatch is understood to be the most significant global threat to loggerheads (Wallace et al., 2011) and further evidence detailed in our discussion supports a hypothesis that local and regional bycatch is the most likely (but not the only) cause of the steep population decline observed in the Masirah rookery.

Oman fisheries are 99.1% “artisanal” (Ministry of Agriculture and Fisheries Wealth, 2018). Future turtle nesting declines caused by bycatch from this fleet were predicted from marine resource assessment surveys conducted in the Sultanate between the late 1980s and early 1990s (Salm et al., 1993). Community based surveys conducted on Masirah in 2013 indicated that entangling nets were responsible for 98% of bycatch (1640–1770 loggerhead turtles per year) in artisanal fisheries (Al Harthi et al., 2015). Satellite telemetry studies of loggerhead turtles nesting on Masirah (Rees et al., 2010) has further revealed that their habitat use overlaps with the range of inshore (skiff) and larger offshore dhow (launch) fleets (Ministry of Agriculture and Fisheries Wealth, 2013; Unpublished observations Environment Society of Oman [ESO], 2014; Unpublished observations Five Oceans Environmental Services [5OES], 2017).

Subsequent to these findings a government and community lead stakeholder group recommended collection of in situ bycatch data. Remote electronic monitoring methods (Metcalfe et al., 2017; Bartholomew et al., 2018) have been successfully used to capture bycatch events and evaluate the co-occurrence of fishing effort with loggerhead habitat utilization. However, scaling the study to include a larger sample of the fleet remains a challenge and may need to be realized in the form of a continuous monitoring program to track vessels which are understood to be adaptive in extraction of fishing resources (Five Oceans Environmental Services LLC [5OES], 2017). To address these challenges, we recommend that such efforts be combined with sustainable fisheries approaches proposed for Oman (World Bank, 2015) in order to secure incentives for stakeholder buy-in.

Historically, licensed industrial trawlers have also been active off Oman (Salm et al., 1993). Demersal and mid-water trawling by foreign fleets was reported to cause loggerhead mortality in 1977–1978 and efforts to limit trawling near the Masirah nesting beach, and reduce bycatch, were initiated and maintained by local action and agreements between concessionaires and the Ministry of Agriculture and Fisheries Wealth (J. Ross, personal communication, May 29, 2019). “Blatant flouting of regulations” was reported from an observer-based survey program conducted on the industrial demersal trawlers by authorities (Hare, 1991). An estimated 586 turtles were captured in 1989 with the highest incidence of turtle capture to the south of Masirah in July (Hare, 1991). These data fit with the inter-nesting period (Rees et al., 2010; Tucker et al., 2018). This industrial fishery was active up to 2009 and demersal trawling in Oman’s waters has been illegal since 2011 (Ministerial Decision No 20/2009). However, the full extent of the bycatch over this period is not understood although the extent of the licensed area is co-occurrent with the tracks of nesting females described by satellite telemetry studies (Rees et al., 2010).

At a regional level Productivity Susceptibility Analysis for the Indian Ocean has shown the NWIO RMU to score highly vulnerable to impacts from longline and gillnets, and medium vulnerability from purse seine fishing (Williams et al., 2018). Nesting females from Masirah are considered to intersect with fishing threats throughout their known range which includes Oman to the Red Sea, the Arabian Gulf and east as far as the Gulf of Kutch (Baldwin et al., 2003; Rees et al., 2010; Tiwari et al., 2018). However, 83% of juvenile loggerhead turtles captured by the European longline fleet off Reunion Island (n = 108) were characterized with the same mtDNA haplotypes as those sampled from the Arabian region (Dalleau et al., 2016). This demonstrates a broader range and exposure of the RMU to fisheries throughout the Indian Ocean.

The mortality of juveniles in the oceanic phase is implicated in the reduction of recruits to the adult population and the re-emerging decline of the Southwest Pacific RMU (Limpus and Casale, 2015). Similarly, it is possible that capture of juvenile loggerheads in the distant longline fleets (off Reunion) is suppressing the number of new recruits into the adult nesting population of Masirah, although as yet there are no studies to assess the scale of this potential problem. The requirement to address bycatch in the Indian Ocean is not unique to turtles, with 4.1 million small cetaceans estimated to have been captured by tuna gillnet fishing between 1950 and 2018 (Anderson et al., 2020). The urgent need for improved data collection of bycatch rates and mortality (using electronic monitoring) and implementation of effective mitigation to these threats has been recommended for Indian Ocean Tuna Commission member countries (Williams et al., 2018). To address threats outside Oman’s jurisdiction, a broad network of international collaborations will need to be established.



Climate Change

A global review ranked the NWIO RMU as one of the most resilient to the impacts of climate change (Fuentes et al., 2013). The survival and distribution of sea turtles is known to be influenced by trophic level ecosystem changes and water temperatures (Hawkes et al., 2009; Witt et al., 2010). In comparison to other species of turtles, loggerheads (as omnivores) are considered to be at lower risk from depleted foraging resources due to their broad diet (Godley et al., 1997; Tomas et al., 2001; Witt et al., 2010; Bjorndal, 2017). Habitat utilization of post-nesting migrants from Masirah alludes to this with behavioral plasticity documented in a foraging area comprised of neritic and oceanic environments within the Arabian Sea and Gulf of Aden (Rees et al., 2010). The Arabian Sea is now experiencing a period of ecosystem state change driven by loss of snow cover over the Himalayan region with weakening of monsoon winds resulting in stratification, deoxygenation and denitrification of the regions waters (Goes et al., 2020). This presents a concern for all marine fauna, and plans are underway to use satellite tracking data within an oceanographic modeling environment to understand the potential threats to the NWIO RMU (Goes Personal Communication May 9th, 2020). In light of new information in this study a repeat of the RMU climate change resilience study is warranted in-order to support prioritization of efficient and effective measures for increasing resilience (Morecroft, 2012; Fuentes et al., 2013).

Positive correlation has been documented between the increasing frequency of storm events (such as cyclones and hurricanes), the flooding of nests and the reduction of hatchling survival (Van Houtan and Bass, 2007). A category 5 cyclone that passed over Masirah in 1977 induced flooding that is estimated to have removed 42% of the loggerhead seasons total egg output (Ross, 1979). Post cyclone impact assessment in 2010 and 2015 revealed the most serious damage from flooding and erosion to nesting beaches at the north of the island (north of K40) and accounting for damage to 17% of the season’s total clutches (Environment Society of Oman [ESO], 2010, 2015). Increasing sea surface temperatures and reduction of wind shear related to climate change are linked to a higher proportion of cyclones reaching category 4 or 5 and having an increase in Power Disruptive Index in the Arabian Sea (Webster et al., 2005; Evan et al., 2011; Sebastian and Behera, 2015). This emerging trend presents a concern for the Masirah rookery where the loggerhead nesting season coincides with timing of recent cyclone events (Unpublished observations ESO, 2015).

Erosion of beach habitat and inundation by rising sea levels attributed to climate change has also become an additional concern for reproductive capacity of turtle rookeries (Hawkes et al., 2009; Witt et al., 2010; Fuentes et al., 2011; Behera et al., 2014; Patino-Martinez et al., 2014; Pike et al., 2015). On Masirah, beach erosion and hypoxic conditions are considered responsible for the 40–55% loss to clutches documented during hightide and monsoon induced flood events (Ross and Barwani, 1982). Projections of 0.5–1.2 m mean sea level rise (IPCC Climate Change, 2013) present a risk for low lying beaches at the north of the island that are regularly subjected to flood events observed by the authors during the nesting season. These threats require further consideration in future survey design.

Temperature-dependent sex determination and temperature tolerance during egg incubation is another key concern of climate change identified in global reviews, with increasing temperatures at nesting sites expected to drive feminization of populations or reduce hatching success due to exposure to temperatures above critical thresholds (Fuentes et al., 2009; Hawkes et al., 2009; Witt et al., 2010; Jensen et al., 2018). Global average surface temperatures are predicted to rise by 2–3°C by 2100 (Hinkel et al., 2015). The localized climatology of the Arabian Peninsula (and consequently those of NWIO RMU Oman based rookeries) will be driven by the strength and upwelling process of the South West monsoon (Attada et al., 2019) and therefore studies on Masirah to evaluate the influence of climate change on hatching success would be prudent.



Potential Rookery-Based Threats

Study of beach use at Masirah is providing increasing evidence of disturbance to nesting habitat. Index beaches at the north end of the island (K7–K22) witnessed a 15-fold increase in the number of artisanal skiff vessels stored (and recovered/launched) on beaches, from 32 in 2013 to 482 in 2017 (Five Oceans Environmental Services LLC [5OES], 2017). This equated to a density of 78 vessels km–1 between K7 and K11. The vessels are serviced by four-wheel drive vehicles that are required to transfer personnel and catch, and to launch and recover vessels. Driving over nesting habitat decreases hatching and emergence success though compaction of sand and at night can deter nesters (Mann, 1977; Nester, 2006). Tire tracks, and associated vegetation loss, increase erosion of beaches (Anders and Leatherman, 1987; Nester, 2006) and can also trap and impede hatchlings crawling toward the ocean (Anders and Leatherman, 1987; Lamont et al., 2002; Nester, 2006).

Significant beach debris has also been generated by the same fisher activities and is associated with entanglement, interreference and habitat displacement of nesting turtles on the island. In response the ESO collected over 500 tons of synthetic fishing net from 79 km of loggerhead turtle nesting habitat between 2016 and 2019 (Environment Society of Oman [ESO], 2019). Attempts to address the problem with a behavior change project have been initiated by the ESO in 2019 using facilities to safely dispose of nets (Environment Society of Oman [ESO], 2020), and have proven insufficient to address the problem on a large scale. In the opinion of the authors landing sites should be relocated to beaches low or absent in nesting. This could be done at minimal cost but provide significant returns for improving the quality of the nesting habitat.

High density index nesting beaches documented in this study are located around the periphery of the main settlement on the island, “Hilf,” a center with growing population and infrastructure. Improper lighting close to beaches or from urban areas is known to disturb and deter nesting females, as well as disorient hatchlings and reduce population recruitment (Silva et al., 2017; Dimitriadis et al., 2018). Hatchling orientation experiments conducted on index beaches at the north of the island in 1978 and more recently in 2013 have attributed orientation of hatchlings away from the sea to artificial light sources including the lighting from indirect urban glow (8–10 km away), municipal security lights, beach accommodation and street lights. The latter study documented that 90–100% of hatchlings (n = 60) involved in lighting arena trials mis-orientated away from the sea during the new moon lunar phase (Wheelan, 2013). The threat is suspected to be a serious long-term impediment to recruitment of loggerheads from index beaches although is waiting for funding resources to launch a pilot mitigation project.

Further recruitment losses on beach areas from illegal harvesting of nests for human consumption have been documented since early studies on Masirah although were considered marginal in extent (Ross, 1979, 1987; Baldwin, 1992). Anecdotal reports of poaching turtle eggs to use as a food source for livestock has also been reported historically (Ross, 1979; Environment Society of Oman [ESO], 2019) and will require more focused community engagement, together with revised measures for patrolling of beaches to ensure this practice does not escalate.



Commitments to Sea Turtle Conservation in Oman

Documentation of the nesting decline, together with evidence of threats across the range of this RMU supports the rationale to develop a holistic population recovery plan. The Biodiversity Impact Mitigation Hierarchy (BIMH) provides such a framework for the Masirah population because it addresses mortality across the species’ entire life cycle and range of habitat use through at-sea bycatch mitigation measures and compensatory conservation actions on the nesting beaches (Squires et al., 2018).

For the nesting rookery the government of Oman has proposed a plan to protect sea turtle nesting beaches within Masirah Island Protected Area and when decreed will focus more attention and resources toward the protection of nesting habitat. This is considered a vital step to support delivery of enforcement, monitoring, and integration of the community within conservation requirements (Busaidi et al., 2018).

A spatial plan considering management of all nesting beaches proposed by the government should be fully supported on two accounts; firstly, because the extent of the nesting decline has been so serious that all available space becomes important, and secondly because each beach area provides different beneficial attributes. Whilst beaches in the north have some of the highest nesting densities, those in the south are further away from anthropogenic disturbance and are less prone to flooding and damage from cyclone events. Accounting for these differing attributes will help provide resilience to a range of documented threats, particularly those from climate change (Hawkes et al., 2009; Witt et al., 2010; Fuentes et al., 2013; Jensen et al., 2018). An evaluation of factors impacting hatchling production, spatially and temporally, on Masirah should be an important objective to guide beach management strategies to optimize hatchling output. Maximizing hatchling production has been demonstrated elsewhere to be critical for population recovery (Boulon et al., 1996; Tapilatu and Tiwari, 2007; Tiwari et al., 2011; Mazaris et al., 2017).

Oman hosts globally important populations of three sea turtle species (Salm et al., 1993) and our findings for loggerheads may be a sentinel for the other species within the Arabian Sea that may be subject to similar threats. Long time-series nesting surveys are noted as important in detecting significant increases and decreases in abundance (Hayes, 2000; Mazaris et al., 2013) and it is our recommendation that the surveys on Masirah are continued annually with additional studies initiated across other important rookeries and species in Oman to ensure effective conservation measures are coordinated at the national scale. Index beach nest count surveys have proven a robust way to provide metrics important to the management of the population. However, direct metrics related to female fitness (i.e., reproductive output from hatching success studies) should be produced to track improvements in the environment (Pike, 2008).

Despite the previously documented nesting decline (Casale and Tucker, 2017), the global 2017 IUCN Red list status assessment found the NWIO RMU to represent 35% of loggerhead global abundance, surpassed only by the Northwest Atlantic RMU (41.8%). Other loggerhead RMUs represent only 1.5 to 7.5% of the global loggerhead abundance (Casale and Tucker, 2017). In the age of reported mass extinctions (Barnosky et al., 2011), turtle populations have witnessed remarkable recoveries where conservation efforts have been diligently applied (Mazaris et al., 2017). Our more recent findings do not support any suggestion of recovery of the Masirah population.

Many threats on the nesting beach and the marine environment are well known and documented. Given the rate of decline this demands immediate attention while more comprehensive and collaborative efforts can be developed through an effective recovery plan design process (Roberts and Hamann, 2016). Engagement in trans-boundary discussions through current international agreements such as the Indian Ocean and South East Asia (IOSEA) Turtle Memorandum of Understanding, Indian Ocean Tuna Commission (IOTC) and new regional initiatives are essential to address threats (e.g., fisheries impacts) occurring outside of Oman’s jurisdiction. With a strong and urgent political and social will, as well as the implementation of wise management strategies, there is still time and hope to reverse the observed decline and recover the Masirah loggerhead population to its historic premier status as the world’s largest nesting population.
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Total Survey Mean successful Mean of Mean 95% Estimated
successful nest effort nest (counts SD for ClI for annual nest
counts (N) (km.days) km-1) each km each km total (N)
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2012 22,516 2422 9.21 5.29 0.07 28,360
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Total 190,898 21,506 78 42 0.6 240,893
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NA
NA
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*Summary statistics not calculated in these years for non-index beaches due to infrequent surveys.
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Total Survey Mean Mean of Mean 95%  Estimated annual = 95% Cl  Lower Upper Index beach
successful effort successful SD for Cl for island successful 95% Cl  95% CI to non-index
nest (km.days) nest (counts each km each km nest total (N) beach effort
counts (N) km~1) ratio (%)
2008* 30,380 3253 NA NA NA NA NA NA NA 89
2009* 33,536 3086 NA NA NA NA NA NA NA 93
2010 27,636 3416 5.21 4.62 0.03 60,492 1922 58,570 62,414 79
2011 27,677 3103 5.78 5:52 0.04 66,623 2530 64,093 69,154 75
2012 25,681 3387 5.16 0.00 0.03 60,010 1968 58,042 61,978 72
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*Summary statistics not calculated in these years due to infrequent surveys of non-index beaches.
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Year Total Total unsuccessful Total undetermined Total track Percent of Percent of Percent of
successful nesting attempt nesting attempt count (N) successful unsuccessful undetermined
nest count (N) count (N) count (N) nests (%) nests (%) nests (%)
2008 29,468 9914 1057 40,439 72.9 245 2.6
2009 32,891 10,170 409 43,470 75.7 23.4 0.9
2010 25,586 12,116 1304 39,006 65.6 31.1 3.3
2011 25,279 7145 7 33,141 76.3 21.6 2.2
2012 22,794 8583 587 31,964 71.3 26.9 1.8
2013 20,989 8641 1190 30,820 68.1 28.0 3.9
2014 15,933 5347 561 21,841 72.9 245 2.6
2015 9977 5229 498 15,704 63.5 33.3 3.2
2016 8629 3049 260 11,938 72.3 255 2.2
Total 191,546 70,194 6583 268,323
Mean 21,282.9 7799.3 731.4 29,813.7 71.0 26.5 25
SD 8330.4 2864.9 366.6 11,083.7 4.4 37 0.9
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